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IMPLANT TOOL TO FACILITATE MEDICAL 
DEVICE IMPLANTATION 

TECHNICAL FIELD 

0001. The invention relates to medical devices and, more 
particularly, devices for implanting other medical devices. 

BACKGROUND 

0002 Electrical stimulation systems may be used to 
deliver electrical stimulation therapy to patients to treat a 
variety of symptoms or conditions such as chronic pain, 
tremor, Parkinson's disease, multiple Sclerosis, spinal cord 
injury, cerebral palsy, amyotrophic lateral Sclerosis, dystonia, 
torticollis, epilepsy, pelvic floor disorders, gastroparesis, or 
obesity. The electrical stimulation system may also be used 
for muscle stimulation, Such as for function electrical stimu 
lation of muscles. An electrical stimulation system typically 
includes one or more implantable medical leads coupled to an 
external or implantable electrical stimulator. 
0003. The implantable medical lead may be percutane 
ously or Surgically implanted in a patient on a temporary or 
permanent basis such that at least one stimulation electrode is 
positioned proximate to a target stimulation site. The target 
stimulation site may be, for example, a nerve or other tissue 
site, such as a spinal cord, pelvic nerve, pudendal nerve, 
sacral nerve, peripheral nerve, stomach, bladder, or within a 
brain or other organ of a patient, or within a muscle or muscle 
group of a patient. The one or more electrodes located proxi 
mate to the target stimulation site may deliver electrical 
stimulation therapy to the target stimulation site in the form of 
electrical signals. 

SUMMARY 

0004. In general, the disclosure relates to an implant tool 
used to facilitate the implantation of a medical device into a 
patient. The implant tool includes a housing and a needle 
attached to the housing. The needle is configured so that a 
cannula may be positioned over at least a portion of the 
needle, such that the cannula moves with the needle when the 
needle is advanced through tissue of a patient to the target 
tissue. The implant tool also includes a release mechanism 
that helps initiate relative movement between the cannula and 
needle. In other words, the release mechanism applies a force 
to the cannula that moves the cannula off of the needle. The 
release mechanism may help the user maintain a position of 
the cannula relative to a target tissue site within the patient 
while removing the needle from the cannula. In some 
embodiments, the implant tool may include a flange that 
extends from the housing adjacent to a side of the needle to 
provide a substantially rigid surface against which the needle 
of the implant tool may be engaged in order to apply a force 
against the needle during advancement of the needle into the 
patient. 
0005. In one embodiment, the disclosure is directed 
toward an implant tool that includes a housing configured to 
be held by a user, a needle coupled to the housing and con 
figured to be inserted into a tissue and configured to fit within 
a cannula, and a release mechanism configured to move the 
cannula toward the distal end of the needle. 
0006. In another embodiment, the disclosure is directed 
toward a method that includes introducing an implant tool and 
a cannula into a patient, where the implant tool has a housing 
configured to be held by a user, a needle coupled to the 
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housing and configured to be inserted into a tissue of a patient 
and configured to fit within an inner lumen of the cannula, and 
a release mechanism configured to move the cannula toward 
the distal end of the needle. The method also includes advanc 
ing the needle and the cannula to a target site and moving the 
cannula away from the housing with the release mechanism. 
0007. In another embodiment, the disclosure is directed 
toward a system that includes a cannula configured to deliver 
a medical device to a target site within a patient and an 
implant tool. The implant tool includes a housing configured 
to be held by a user, a needle coupled to the housing and 
configured to be inserted into a tissue and to fit within the 
cannula, and a release mechanism configured to move the 
cannula away from the housing. 
0008. The disclosure may provide one or more advan 
tages. For example, the implant tool includes a release mecha 
nism that aids the user in removing the cannula from the 
needle of the implant tool. In this manner, the user may reduce 
movement of the cannula within the patient when withdraw 
ing the needle out from the cannula. The release mechanism 
may reduce implantation time and cost from a dislodged or 
migrated cannula during withdrawal of the needle. In addi 
tion, the implant tool may include a flange that extends along 
the needle to provide additional leverage when introducing 
the needle into tissue and transmitting the user's force down 
the shaft of the needle. 
0009. The details of one or more embodiments of the 
invention are set forth in the accompanying drawings and the 
description below. Other features, objects, and advantages of 
the invention will be apparent from the description and draw 
ings, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a perspective view of an example stimula 
tion therapy system implanted in a patient to treat a tissue site 
in the pelvic floor of the patient. 
0011 FIG. 2A is a block diagram of an example implant 
able stimulator for providing electrical stimulation therapy to 
a patient. 
0012 FIG. 2B is a block diagram of an example implant 
able fluid delivery device for providing drug delivery therapy 
to a patient. 
(0013 FIGS. 3A and 3B are side and top views, respec 
tively, of an example implant tool having a release mecha 
1S. 

0014 FIGS. 4A and 4B are side and bottom views, respec 
tively, of an example implant tool having a release mecha 
nism and a cannula. 
(0015 FIGS. 5A and 5B are side and front view, respect 
fully, of an example release mechanism for an implant tool. 
0016 FIGS. 6A and 6B are side views of an example 
release mechanism of an implant tool. 
0017 FIGS. 7A and 7B are side and bottom views, 
respectfully, of an example implant tool with a release mecha 
nism having a pushing member and a wheel. 
0018 FIGS. 8A and 8B are side and bottom views, 
respectfully, of an example implant tool with a release mecha 
nism having a pushing member and a wheel to move a can 
nula. 
0019 FIG. 9 is an illustration of a cannula having a shape 
memory partially over a needle. 
0020 FIG. 10 is a side view of an example implantable 
medical lead capable of being implanted via the cannula. 
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0021 FIG. 11 is a block diagram of an example implant 
able medical device capable of being implanted via the can 
nula. 
0022 FIG. 12 is an illustration of an example implantable 
medical device being implanted into a tissue site via the 
cannula. 
0023 FIGS. 13 A-13D are illustrations of an exampletech 
nique for implanting a medical device using an implant tool 
with a release mechanism. 
0024 FIG. 14 is a flow diagram of an example technique 
for implanting a medical device using an implant tool. 
0025 FIGS. 15A and 15B are conceptual diagrams of 
example cannulas having an electrode to provide test stimu 
lation to a patient. 
0026 FIG. 16A is a side view of an example implant tool 
that provides test stimulation to a patient. 
0027 FIG. 16B is a bottom view of an example implant 
tool having an electrical contact to electrically connect to a 
cannula that delivers test stimulation. 
0028 FIG. 17 is a flow diagram of an example technique 
for implanting a medical device within a patient with the aid 
of a cannula including one or more electrodes for providing 
test stimulation to a patient. 
0029 FIG. 18 is a flow diagram of an example technique 
for locating a target tissue site within a patient with the aid of 
a cannula including one or more electrodes for providing test 
stimulation to a patient. 

DETAILED DESCRIPTION 

0030 Medical devices, such as medical leads or micro 
stimulators, are implanted within a patient at a target site to 
treat a patient condition. Implant tools described herein 
include a needle that is introduced into the patient and a 
housing coupled to the needle to allow a user to manipulate 
the needleposition when it is at least partially disposed within 
the patient. In one embodiment, the housing includes a can 
nula that is fitted over the needle before insertion of the needle 
into the patient so that the cannula may be introduced into a 
patient with the aid of the needle. Once the needle is correctly 
positioned at the target site, the user withdraws the needle 
from the cannula, leaving the cannula in place within the 
patient, Such that the cannula defines a conduit that extends 
from outside of the patient to the target site. That is, the 
cannula defines an insertion path for a medical device that 
extends from an entry point accessible from outside of the 
patient to the target site. In this way, the cannula may also act 
as a “dilator' that dilates an insertion path defined by the 
needle in order to size the insertion path to receive a medical 
device. The user may then implant the desired medical device 
through the cannula and Subsequently remove the cannula 
from the patient. 
0031. The implant tool also includes a release mechanism 
to facilitate the removal of the cannula from the needle. Static 
friction may hinder the withdrawal of the needle from the 
cannula. In Such circumstances, the user must overcome static 
friction between the cannula and the needle to initiate the 
withdrawal of the needle from the cannula. The release 
mechanism is employed to overcome the static friction and 
aid in the removal of the needle without substantially chang 
ing the position of the distal end of the cannula with respect to 
the target site. In particular, release mechanism Substantially 
inhibits the movement of the cannula away from target tissue 
site. Movement of the cannula in a deep direction toward the 
target tissue site (i.e., away from an entry point into the 
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patient) may be inhibited by the resistance from tissue within 
the patient. The release mechanism allows the user to pull 
back on the housing of the implant tool and simultaneously 
push the cannula forward to ensure correct placement of the 
cannula. In this way, the release mechanism aids in counter 
acting friction forces between the cannula and needle that pull 
the cannula away from the target tissue site, where the forces 
are attributable to removal of the needle from the patient. In 
Some embodiments, the release mechanism may be activated 
with one hand a user, leaving the user's other hand free for 
other purposes, such as to hold the cannula in place in order to 
further prevent movement of the cannula relative to a target 
tissue site. 

0032. In some examples, the implant tool and cannula may 
facilitate location of the tissue site for stimulation therapy. 
The cannula may have an electrode located at the distal end of 
the cannula to deliver test stimulation to identify the desired 
tissue site before implanting the medical device. In this man 
ner, the user may correctly identify the tissue site for stimu 
lation therapy before removing the implant tool from the 
patient. For example, based on patient feedback from the test 
stimulation, a clinician may adjust a position of the needle 
and cannula within the patient and, in some embodiments, 
deliver further test stimulation to confirm placement of the 
needle and cannula relative to the tissue site. The electrode of 
the cannula may be electrically coupled to an electrical con 
tact at the proximal end of the cannula via a conductive 
element. In some embodiments, the conductive element is 
located within the cannula, such as embedded within the 
cannula or otherwise coupled to the cannula. The electrical 
contact may electrically couple to an electrical contact in the 
housing of the implant tool to transmit the test stimulation 
from the implant tool to the cannula. In addition, the test 
stimulation may be generated from a signal generator within 
the implant tool or an external signal generator connected to 
the implant tool. These and other examples are described in 
more detail below. 

0033 FIG. 1 is a perspective view of an example stimula 
tion therapy system implanted in a patient to treat a tissue site 
in the pelvic floor of the patient. As shown in FIG. 1, system 
10 includes stimulator 14, medical lead 16, and external pro 
grammer 24. Stimulator 14 and lead 16 are implanted within 
patient 12 and coupled such that stimulation 14 may deliver 
stimulation therapy to the patient via lead 16. Lead 16 is 
implanted through dorsal foramen 22 in sacrum 20 of patient 
12 to access a target site within the patient. The target site may 
be a nerve or muscle within the pelvic floor of patient 12 to 
treat a variety of disorders. For example, system 10 may be 
provided to treat pelvic pain, urinary incontinence, fecal 
incontinence, constipation, sexual dysfunction, or other dis 
orders. While stimulation therapy directed to pelvic floor 
tissue of patient 12 is generally described herein, stimulation 
therapy of any other tissue within the patient may also be 
provided. For example, system 10 may be provided for spinal 
cord stimulation therapy, peripheral nerve stimulation 
therapy, peripheral nerve field stimulation, deep brain stimu 
lation, organ stimulation, muscle stimulation ((e.g., func 
tional electrical stimulation (FES) of muscles) or any other 
stimulation therapy. 
0034 Stimulator 14 may provide stimulation therapy via 
electrical stimulation or drug delivery therapy. In the case of 
electrical stimulation, stimulator 14 may include a stimula 
tion signal generator that generates an electrical signal (e.g., 
pulses or Substantially continuous-time signals, such as sinu 
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soidal signals) that is delivered to patient 12 via lead 16 that is 
configured to conduct the electrical signal. Lead 16 may have 
one or more electrodes positioned adjacent to a target tissue 
site that a user, e.g., a clinician or physician, desires to affect 
with the stimulation. Stimulator 14 generates the electrical 
signal according to one or more stimulation programs stored 
within a memory of the stimulator. 
0035 Alternatively, stimulator 14 may be configured to 
deliver a drug to patient 12. In the drug delivery example, 
stimulator 14 may store a Volume of drug that is released to 
patient 12 in a controlled manner via lead 16. Stimulator 14 
may have one or more programs that determine the amount 
and time for each bolus of drug for patient 12. Lead 16 may be 
a catheter with a lumen that allows the transfer of the drug 
from stimulator 14 to the target site of patient 12. In some 
examples, stimulator 14 may be configured to deliver mul 
tiple types of drugs or drugs in combination with electrical 
stimulation. In addition, multiple leads 16 may be implanted 
within patient 12 and connected to any stimulator 14. 
0036 Stimulator 14 may be programmed via communica 
tion with external programmer 24. External programmer 24 
may be a clinician programmer or a patient programmer that 
is configured to communicate wirelessly with stimulator 14. 
External programmer 24 may allow a user, Such as patient 12 
or a clinician, to create stimulation programs, modify pro 
grams, view stimulation therapy history, interrogate stimula 
tor 14 operability, and perform other tasks related to the 
therapy. External programmer 24 may include a user inter 
face, processor, memory, telemetry circuit, and other compo 
nents necessary for the function of the external programmer. 
In addition, external programmer may be embodied as a 
hand-held device, portable device, or a workstation, depend 
ing upon the configuration of system 10. 
0037. In the embodiment shown in FIG.1, stimulator 14 is 
implanted within patient 12 at an implant site that is close to 
the target site in order to reduce the length of lead 16. In 
addition, the implant site for stimulator 14 may be selected to 
accommodate patient comfort and minimize the obtrusive 
ness of the implanted Stimulator 14 to patient movement and 
daily activities. The location in which stimulator 14 resides 
may be, for example, a Subcutaneous pocket created by a 
clinician and lead 16 may be tunneled through tissue from the 
target site to the pocket. In other examples, lead 16 may be 
coupled to a lead extension that is tunneled to stimulator 14 
and coupled to the stimulator. In any case, stimulator 14 and 
lead 16 may be entirely implantable. Alternatively, stimulator 
14 may be an external medical device and be coupled to lead 
16 which percutaneously enters the patient. An external 
stimulator 14 may be useful for trial stimulation to evaluate 
the efficacy of chronic stimulation therapy. 
0038. As is described herein, an implant tool and cannula 
(not shown in FIG. 1) may be used to tunnel into patient 12 
and access the target site for stimulation or other therapy 
deliver (e.g., drug delivery). Once the cannula is positioned 
within patient 12 by the implant tool, the cannula is used to 
pass lead 16 through tissue of the patient until the lead is 
positioned appropriately. In some cases, lead 16 may include 
a fixation structure or mechanism that secures at least the 
distal end of the lead in place adjacent to the target site. In any 
case, the implant tool may allow a clinician to implant lead 16 
into patient 12 with a minimally invasive technique. 
0039 FIG. 2A is a block diagram of an example implant 
able stimulator 14A for providing electrical stimulation 
therapy to patient 12. Stimulator 14A includes signal genera 
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tor 32, processor 28, memory 30, telemetry module 36, and 
power source 38. In some embodiments, stimulator 14A may 
also include a sensing circuit (not shown in FIG. 2A) for 
sensing a patient parameter, such as a physiological param 
eter (e.g., blood pressure, temperature or electrical activity) or 
an activity level of patient 12. Electrodes 26A, 26B, 26C, and 
26D (collectively “electrodes 26’) are disposed on lead 16A 
near a distal end of the lead. The configuration, type, and 
number of electrodes 26 illustrated in FIG. 2A are merely an 
example. In some embodiments, electrodes 26 may be ring 
electrodes. In other embodiments, electrodes 26 may be seg 
mented or partial ring electrodes, each of which extends along 
an arc less than 360 degrees (e.g., 90-120 degrees) around the 
periphery, or circumference, of lead 16A. 
0040. In embodiments in which lead 16A is a paddle lead, 
electrodes 26 may extend along one side of lead 16A. Elec 
trodes 26 extending around a portion of the circumference of 
lead 16A or along one side of a paddle lead may be useful for 
providing an electrical stimulation field in a particular direc 
tion/targeting a particular therapy delivery site or tissue site. 
For example, electrodes 26 may be disposed along lead 16A 
such that the electrodes face toward nerves within the tissue 
site of patient 12, or otherwise away from the undesired 
tissue. In addition, the use of segmented or partial ring elec 
trodes 26 may also reduce the overall power delivered to 
electrodes 26 by stimulator 14A because of the efficient deliv 
ery of stimulation to the targeted nerve?s) or tissue by elimi 
nating or minimizing the delivery of stimulation to unwanted 
or unnecessary regions within patient 12. Electrodes 26 of 
lead 16A may also extend along one side of lead 16A (if lead 
16A includes a paddle-shaped portion) or may extend around 
a portion of lead 16A, as described with respect to electrodes 
26 of lead 16A. 

0041. In embodiments in which electrodes 26 extend 
around a portion of the circumference of lead 16A or along 
one side of a paddle lead, lead 16A may include one or more 
orientation markers (not shown) proximate to the proximal 
end of lead 16A that indicates the relative location of elec 
trodes 26. The orientation marker may be a printed marker on 
lead 16A, an indentation in lead 16A, a radiographic marker, 
or another type of marker that is visible or otherwise detect 
able (e.g., detectable by a radiographic device) by a clinician. 
The orientation marker may help a clinician properly orient 
lead 16A such that electrodes 26 face the desired direction 
(e.g., away from the Scalp) when lead 16A is implanted within 
patient 12. For example, the orientation marker may also 
extend around the same portion of the circumference of lead 
16A or along the side of the paddle lead as electrodes 26. In 
this way, the orientation marker faces the same direction as 
electrodes 26, thus indicating the orientation of electrodes 26 
to the clinician. When the clinician implants lead 16A in the 
patient, the orientation marker may remain visible to the 
clinician. 

0042 Stimulator 14A delivers stimulation therapy to tar 
get tissue sites via electrodes 26 of lead 16A. Electrodes 26 
are electrically coupled to a signal generator 32 of stimulator 
14A via conductors within lead 16A. More specifically, the 
proximal end of lead 16A includes contacts (not shown) to 
electrically couple electrodes 26 directly to stimulator 14A or 
indirectly to stimulator 14A (e.g., via a lead extension). In one 
embodiment, an implantable signal generator or other stimu 
lation circuitry within signal generator 32 delivers electrical 
signals (e.g., pulses or Substantially continuous-time signals, 
Such as sinusoidal signals) to target stimulation sites via at 
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least some of electrodes 26 under the control of a processor 
28. Signal generator 32 may also be coupled to power Source 
38. Power source 38 may take the form of a small, recharge 
able or non-rechargeable battery, or an inductive power inter 
face that transcutaneously receives inductively coupled 
energy. In the case of a rechargeable battery, power source 38 
similarly may include an inductive power interface for tran 
Scutaneous transfer of recharge power. 
0043. The stimulation energy generated by signal genera 
tor 32 may be formulated as stimulation energy, e.g., for 
treatment of any of a variety of neurological disorders, or 
disorders influenced by patient neurological response. The 
signals may be delivered from signal generator 32 to elec 
trodes 26 via a switch matrix and conductors carried by lead 
16A and electrically coupled to respective electrodes 26. 
0044 Processor 28 may include a microprocessor, a con 

troller, a digital signal processor (DSP), an application spe 
cific integrated circuit (ASIC), a field programmable gate 
array (FPGA), discrete logic circuitry, or the like. Processor 
28 controls the implantable signal generator within signal 
generator 32 to deliver Stimulation therapy according to 
selected stimulation parameters. Specifically, processor 28 
controls signal generator 32 to deliver electrical signals with 
selected amplitudes, pulse widths (if applicable), and rates 
specified by the programs. In addition, processor 28 may also 
control signal generator 32 to deliver the stimulation signals 
via selected subsets of electrodes 26 with selected polarities. 
For example, electrodes 26 may be combined in various bipo 
lar or multi-polar combinations to deliver stimulation energy 
to selected sites, such as nerve sites adjacent the spinal col 
umn, pelvic floor nerve sites, cranial nerve sites, peripheral 
nerve sites, or any other desires stimulation tissue sites. 
0045 Processor 28 may also control signal generator 32 to 
deliver each signal according to a different program, thereby 
interleaving programs or using multiple programs on each of 
a multiple of current sources to simultaneously treat different 
symptoms or provide a combined therapeutic effect. For 
example, in addition to treatment of one symptom Such as 
urinary incontinence, stimulator 14A may be configured to 
deliver stimulation therapy to treat other symptoms such as 
pelvic pain. In such an embodiment, electrodes 26 of lead 
16A may be positioned to deliver stimulation therapy for 
treating one symptom, and electrodes 26 of lead 16A may be 
positioned to deliver stimulation therapy for treatment of 
another symptom. 
0046 Memory 30 of stimulator 14A may include any 
volatile or non-volatile media, such as a RAM, ROM, 
NVRAM, EEPROM, flash memory, and the like. In some 
embodiments, memory 30 of stimulator 14A may store mul 
tiple sets of stimulation parameters that are available to be 
selected by patient 12 via external programmer 24 (FIG. 1) for 
delivery of stimulation therapy. For example, memory 30 may 
store stimulation parameters transmitted by external pro 
grammer 24 (FIG. 1). Memory 30 also stores program 
instructions that, when executed by processor 28, cause 
stimulator 14A to deliver stimulation therapy. Accordingly, 
computer-readable media storing instructions may be pro 
vided to cause processor 28 to provide functionality as 
described herein. 
0047. In particular, processor 28 controls telemetry mod 
ule 36 to exchange information with external programmer 24, 
Such as clinician programmer and/or a patient programmer, 
by wireless telemetry. In addition, in Some embodiments, 
telemetry module 36 supports wireless communication with 
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one or more wireless sensors that sense physiological signals 
and transmit the signals to stimulator 14A. 
0048 FIG. 2B is a block diagram of an example implant 
able stimulator 14B for proving drug delivery therapy to 
patient 12. Stimulator 14B includes infusion pump 44, pro 
cessor 40, memory 42, telemetry module 46, and power 
source 48. In some embodiments, stimulator 14B may also 
include a sensing circuit (not shown in FIG. 2B). Catheter 
16B, e.g., a type of medical lead, is a drug delivery catheter 
coupled to infusion pump 44 to transmit drugs from stimula 
tor 14B to the target site of patient 12. 
0049 Stimulator 14B delivers drug delivery therapy to 
one or more target tissue sites within patient 16 via catheter 
16B. The distal end of catheter 16B may include one or more 
holes sized for effective transmission of the drug to the tissue. 
In some examples, catheter 16B may include a semi-porous 
region at the distal end of the catheter. In other examples, the 
drug may be delivered out of a very Small opening at the distal 
end of catheter 16B to focus the drug at one small tissue site. 
In any event, infusion pump 44 includes circuitry and neces 
sary mechanical components of a pump to release a bolus or 
rate of flow according to processor 40. Infusion pump 44 may 
also be coupled to power source 48. Power source 48 may take 
the form of a small, rechargeable or non-rechargeable battery, 
oran inductive power interface that transcutaneously receives 
inductively coupled energy. In the case of a rechargeable 
battery, power source 48 similarly may include an inductive 
power interface for transcutaneous transfer of recharge 
power. 
0050 Processor 40 may include a microprocessor, a con 

troller, a DSP, an ASIC, an FPGA, discrete logic circuitry, or 
the like. Processor 40 controls infusion pump 44 to deliver 
drug therapy according to selected therapy parameters. Spe 
cifically, processor 40 controls infusion pump 44 to deliver 
the drug with selected rates, bolus sizes, intervals, and other 
parameters that may be used to define the delivery of drugs 
with infusion pump 44 
0051 Memory 42 of stimulator 14B may include any vola 

tile or non-volatile media, such as a RAM, ROM, NVRAM, 
EEPROM, flash memory, and the like. In some embodiments, 
memory 42 of stimulator 14B may store multiple sets of 
therapy parameters that are available to be selected by patient 
12 via external programmer 24 (FIG. 1) for delivery of stimu 
lation therapy. For example, memory 42 may store stimula 
tion parameters transmitted by external programmer 24 (FIG. 
1). Memory 42 also stores program instructions that, when 
executed by processor 40, cause stimulator 14B to deliver 
stimulation drug therapy. Accordingly, computer-readable 
media storing instructions may be provided to cause proces 
sor 40 to provide functionality as described herein. 
0052. In particular, processor 40 controls telemetry mod 
ule 46 to exchange information with external programmer 24, 
Such as clinician programmer and/or a patient programmer, 
by wireless telemetry. In addition, in Some embodiments, 
telemetry module 46 supports wireless communication with 
one or more wireless sensors that sense physiological signals 
and transmit the signals to stimulator 14B. 
0053 FIGS. 3A and 3B are side and top views, respec 
tively, of an embodiment of an implant tool including a 
release mechanism. As shown in FIG. 3A, implant tool 50 
includes housing 52, needle 62, and release mechanism 54. 
Needle 62 resides within a channel defined by housing 52 and 
has piercing tip 64 and a shape conducive for accessing the 
target site within patient 12 via an external tissue opening 



US 2008/0269763 A1 

(e.g., an entry point through the skin of patient 12). Release 
mechanism 54 is coupled to housing 52 and includes grip 56 
and guide 58 that allows a user to force a cannula (shown in 
FIGS. 4A-4B) off of needle 62. 
0054 Implant tool 50 may be configured to be held in a 
hand of a user. Housing 52 may have a shape that is simple for 
constructions and/or a shape that is ergonomically formed to 
rest within a human hand. Housing 52 may be constructed of 
Substantial stiffness to resist flexing during use by the user. In 
addition, housing 52 defines a channel within the housing that 
secures needle 62 to the housing. The channel may have two 
or more segments which reside on two sides of housing 52 
and, in Some embodiments, engages with needle 62, to resist 
twisting torque applied to needle 62 from the user. Specifi 
cally, needle 62 may form a loop that matches a loop-shaped 
channel within housing 52 that secures the needle within the 
housing. Housing 52 also defines a slot that allows release 
mechanism to slide along the proximal portion of needle 62. 
0055 Housing 52 is also shaped to transmit force from the 
hand of the user to piercing tip 64 of needle 62. Housing 52 
includes flange 60 positioned along one side of needle 62 that 
Supports needle 62 when the user attempts to pushpiercing tip 
64 through tissue of patient 12 and/or advance needle 62 
through tissue. For example, when the user advances needle 
62 through tissue of patient 12, needle 62 may contact and 
push against a Substantially rigid flange 60, which helps pre 
vent further movement of needle 62. In some embodiments, 
flange 60 may also define a semi-circular channel that follows 
along the length of needle 62 to distribute any force between 
flange 60 and needle 62 over a greater surface area of the 
needle. A space between the channel of flange 60 and needle 
62 may allow the wall of a cannula to fit between the flange 
and the needle. In some examples, flange 60 may be shaped to 
surround a greater or lesser portion of needle 62. In other 
examples, flange 60 may completely Surround needle 62 to 
Support movements of the needle in any direction within 
patient 12 when introducing the needle into tissue of the 
patient. 
0056 Release mechanism 54 includes grip 56, guide 58, 
and a member (not shown) connecting the grip and the guide. 
Release mechanism 54 is configured to apply force against 
the end of a cannula Substantially in a direction toward pierc 
ing tip 64 of needle 62 or otherwise away from housing 52. 
For example, the user may press a thumb, finger or another 
object against grip 56 to slide release mechanism 54 along 
needle 62. As the user withdraws housing 52 and needle 62 
from an insertion path through tissue of the patient and from 
the cannula, the user may substantially simultaneously press 
a thumb, finger or another object against grip 56, which 
contacts the cannula via guide 58, thereby counteracting any 
forces (e.g., static friction forces) that may cause the cannula 
that is disposed at least partially around needle 62 from being 
unintentionally withdrawn from the insertion path through 
along with needle 62. In this manner, the user may withdraw 
needle 62 from the cannula while keeping the cannula Sub 
stantially stationary relative to patient 12 and the target tissue 
site. While guide 58 is shown as a cylinder completely sur 
rounding needle 62, the guide may only partially surround the 
needle in other embodiments. 

0057 Housing 52 and release mechanism 54 may be con 
structed of a variety of materials. Such as a lightweight 
molded plastic, e.g., polystyrene. In other embodiments, 
other injection molded plastics may be used such as polyure 
thane, polypropylene, high molecular weight polyurethane, 
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polycarbonate or nylon. Alternatively, construction materials 
may include aluminum, stainless steel, a metal alloy or a 
composite material. In addition, housing 50 and release 
mechanism 54 may be constructed of different materials 
instead of being constructed out of the same material. In some 
examples, housing 52 and/or release mechanism 54 may 
include a rubber or soft tactile surface to increase the friction 
with a hand of the user and prevent the hand of the user from 
slipping during use. In some embodiments, housing 50 and 
release mechanism 54 may be assembled through Snap fit 
connections, adhesives or mechanical fixation devices Such 
as pins or screws. 
0.058 Needle 62 may be constructed with a polymer or a 
metal. For example, needle 62 may be constructed of stainless 
steel, aluminum, an aluminum alloy, a titanium alloy, nitinol, 
or any other biocompatible material. In addition, the material 
used by needle 62 may be malleable (or “moldable”) by the 
user to create a shape capable of accessing the target site for 
stimulation. For example, a user may manipulate needle 62 to 
define a substantially curvilinear shape to help traverse the 
needle around certain anatomical features of the patient, Such 
as an ear, bones, nerves that should be avoided, and so forth. 
In any case, implant tool 50 may be constructed to be dispos 
able or capable of being sterilized after use with patient 12. 
0059 FIG. 3B shows a top view of implant tool 50. Hous 
ing 52 has a rounded shape to fit comfortably within the hand 
of a user. Grip 56 of release mechanism 54 is shown near 
flange 60 of housing 52. Flange 60 defines slot 57, which is a 
Substantially linear opening substantially conforming to the 
shape of needle 62. The user may push against grip 56 to move 
release mechanism 54 toward needle 62 along slot 57 until the 
release mechanism reaches the distal end 57A of the slot. 
0060. As shown in FIGS. 3A and 3B, implant tool 50 is 
configured so that the user may grasp housing 52 with a hand 
and uses a thumb to press against grip 56 of release mecha 
nism 54. In other examples, grip 56 may be positioned at 
another location on housing 52 that limits the stress to the 
hand of the user. For example, grip 56 may be positioned 
further away from needle 62 or to one side of housing 52 
instead of positioned along the midline of the housing, as 
shown in the embodiment of FIGS. 3A-3B. In any case, 
release mechanism 54 may slide along needle 62 to push the 
cannula off of the needle 62 or away from housing 52 or hold 
the cannula 68 Substantially in place relative to a target tissue 
site within patient 12 as needle 62 is withdrawn from the 
cannula. That is, when cannula 68 is subject to resistive forces 
(e.g., from Surrounding tissue) that inhibit movement of can 
nula 68, release mechanism 54 essentially holds cannula 68 
substantially in place as needle 62 is withdrawn, although the 
force applied by release mechanism 54 to cannula 58 is a 
pushing force away from housing 52. 
0061 FIGS. 4A and 4B are side and bottom views, respec 
tively, of example implant tool 50 including a release mecha 
nism 54 and cannula 68. As shown in FIG. 4A, implant tool 50 
includes cannula 68 fitted over needle 62 and substantially 
conforming to the shape of the needle. The length of cannula 
68 is shorter than the exposed length of needle 62 to allow 
piercing tip 64 to extend past the end of the cannula. In this 
manner, piercing tip 64 defines an insertion path for needle 62 
and cannula 68 through tissue of patient 12. 
0062 Cannula 68 is fitted over needle 62 and the proximal 
end of the cannula resides against guide 58 of release mecha 
nism 54. In some embodiments, cannula 68 also rests against 
flange 60. However, in other embodiments, flange 60 does not 
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contact cannula 68 until the user manipulates implant tool 50 
such that cannula 68 flexes toward flange 60 and contacts 
flange 60. Flange 60 transmits force from housing 52 to 
cannula 68 and needle 62 to allow the user to push piercing tip 
64 through tissue of patient 12 and minimize unwanted flex 
ing of the needle. In some examples, flange 60 may resides 
around a greater Surface area of cannula 68 to Support forces 
in multiple directions from the user. Once the distal end of 
cannula 68 is positioned adjacent to the target site, the user 
pushes against release mechanism 54 to move the cannula off 
of needle 62 while withdrawing the needle from the cannula 
with housing 52. In this manner, release mechanism 54 allows 
the user to keep cannula 68 stationary with respect to patient 
12 while removing needle 62 from the patient. While the user 
may use release mechanism to remove needle 62 from can 
nula 68 with only one hand, some users may prefer to use a 
second hand to stabilize the cannula while removing the 
needle. 

0063 FIG. 4B shows the bottom view of implant tool 50. 
In the embodiment shown in FIG. 4B, cannula 68 resides over 
needle 62 and adjacent to channel 70 defined by flange 60 and 
guide 58. In some embodiments, cannula 68 may fill the space 
between channel 70 and needle 62 in order to transmit force 
from flange 60 into the needle. Guide 58 of release mecha 
nism 54 meets the proximal end of cannula 68 to facilitate the 
removal of the cannula from needle 62. In some examples, 
cannula 68 may extend into housing 52 if a longer cannula is 
desired for implantation of the medical device. 
0064 Cannula 68 may be constructed of a biocompatible 
material that is flexible to bend according to the shape of 
needle 62. Suitable materials may include polymers such as 
polyurethane, polyethylene, vinyl, expanded-polytetrafluo 
roethylene (ePTFE), or other polymers. Alternatively, can 
nula 68 may be constructed of a material that has a shape 
memory so that the cannula forms to a predetermined shape 
once removed from needle 62. Examples of suitable shape 
memory materials include, but are not limited to, a copper 
Zinc-aluminium alloy, copper-aluminium-nickel alloy, a 
nickel-titanium alloy (e.g., Nitinol) or ethylene tetrafluoroet 
hylene (ETFE). Cannula 68 may be constructed of other 
plastics capable of being thermoset, or heated to a certain 
shape. Nitinol may provide an additional benefit in that it may 
be more readily visualized during fluoroscopy. 
0065 FIGS. 5A and 5B are side and front view, respect 
fully, of an embodiment of a release mechanism for an 
implant tool. As shown in FIG. 5A, release mechanism 54 of 
implant tool 50 includes grip 56 and guide 58 connected by 
member 72. Grip 56 is shaped with a substantially curved 
ramp on opposite sides of the grip to provide an ergonomic 
Surface for engaging with release mechanism 54. Each curved 
ramp meets at the top of grip 56 and forms a Substantially 
rounded apex. The bottom of grip 56 is generally flat; how 
ever, the bottom of the grip may be curved to match the 
curvature of housing 52 or flange 60. Member 72 is attached 
to the bottom of grip 56 and the top of guide 58, and shaped to 
provide rigidity between the grip and guide. Member 72 may 
or may not be resistant to bending forces due to the thin 
dimension of the member to fit within slot 57. Member 72 is 
also shaped to slide within slot 57 of housing 52. 
0.066 FIG. 5B shows a front view of release mechanism 
54. Grip 56 is sized to provide a sufficient surface area to 
contact the hand of the user. Member 72 has a narrow width 
that is sized to allow the member to slide within slot 57 of 
housing 52. In addition, guide 58 is shaped as a cylinder that 
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defines channel 74. Channel 74 is shaped and sized to fit 
around the outer circumference of needle 62 such that the 
channel may slide along the needle. The wall thickness T of 
guide 58 may be substantially similar to the wall thickness of 
cannula 68 to push the end of the cannula. In some examples, 
guide 58 may only be semi-circular in shape such that the 
guide does not surround the entire needle 62. 
0067 FIG. 6A is a side view of another embodiment of a 
release mechanism of an implant tool. As shown in FIG. 6A, 
release mechanism 74 is substantially similar to release 
mechanism 54. However, release mechanism 74 is shaped to 
allow grip 76 to be positioned further from flange 60 of 
implant tool 50. The position of grip 76 located further from 
the needle of the implant tool may allow the user more lever 
age to push against the grip, which may be especially useful 
for users with Small hands. In some examples, the position of 
grip 76 relative to flange 60 may be adjustable to the desires 
of the user. 
0068 Grip 76 is attached to guide 82 via member 80. 
Member 80 is elongated and coupled to grip 76 with pivot pin 
78. Pivot pin 78 allows grip 76 to pivot in the plane of member 
80 such that guide 82 may follow the shape of needle 62 while 
the grip remains seated against housing 52. FIG. 6B shows 
grip 76 that has rotated about pivot pin 78. In this manner, the 
shape of needle 62 does not need to follow the shape of 
housing 52. In other examples, pivot pin 78 may define mul 
tiple pivot points or a ball joint to allow multiple degrees of 
freedom so that guide 82 may follow any bend or shape of 
needle 62 when moving cannula 68 off of the needle. Other 
examples of release mechanisms may be similar to those 
described herein and perform the similar function of moving 
cannula 68 off of needle 62. 
0069 FIGS. 7A and 7B are side and bottom views, 
respectfully, of an example implant tool with a release mecha 
nism having a pushing member and wheel assembly. Implant 
tool 84 is similar to implant tool 50, except that implant tool 
84 includes a rotating release mechanism. As shown in FIG. 
7A, implant tool 84 includes housing 86, needle 98, and 
release mechanism 89. Needle 98 resides within a channel 
defined by housing 86 and has piercing tip 99 and a shape 
conducive for defining an insertion path through tissue to 
access the target site within patient 12 via an external tissue 
opening, and in some embodiments, needle 98 is malleable. 
Release mechanism 89 is coupled to housing 86 and includes 
mounts 90, wheel 92, axle 94, and pushing member 96 that 
allows a user to force a cannula (not shown) off of needle 98. 
0070 Implant tool 84 may be configured to be held in a 
hand of a user. As with housing 52, housing 86 may have a 
shape that is relatively simple to construct and/or a shape that 
is ergonomically formed to rest within a human hand. Hous 
ing 86 may be constructed of substantial stiffness to resist 
flexing during use by the user. In addition, housing 86 defines 
a channel within the housing that secures needle 98 to the 
housing. The channel may have two or more segments which 
reside on two sides of housing 86 to resist twisting torque 
applied to needle 98 from the user. Specifically, needle 98 
may form a loop that matches a loop-shaped channel within 
housing 86 that secures the needle within the housing. Hous 
ing 86 also defines a slot that allows release mechanism to 
slide along the proximal portion of needle 98. 
0071 Housing 86 is also shaped to transmit force from the 
hand of the user to piercing tip 99 of needle 98. Housing 86 
includes flange 88 positioned along one side of needle 98 that 
supports needle 98 when the user attempts to pushpiercing tip 
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99 through tissue of patient 12. Flange 88 is substantially 
similar to flange 60 of implant tool 50 (FIG. 3A). In some 
embodiments, flange 88 may define a semi-circular channel 
that follows along the length of needle 98 to spread out the 
force over a greater Surface area of the needle. A space 
between the channel offlange 88 and needle 98 may allow the 
wall of a cannula to fit between the flange and the needle. In 
Some examples, flange 88 may be shaped to Surround a 
greater or lesser portion of needle 98. In other examples, 
flange 88 may completely surround needle 98 to support 
movements of the needle in any direction within patient 12 
when introducing the needle into tissue of the patient. 
0072 Pushing member 96 is sized to receive needle 98, 
such that pushing member 96 may be moved relative to needle 
98. In one embodiment, pushing member 96 slides along an 
outer surface of needle 98. Release mechanism 89 includes 
mounts 90, wheel 92, axle 94, and pushing member 96. 
Release mechanism 89 is configured to apply force against 
the end of a cannula in a direction Substantially towards 
piercing tip 99 of needle 98 or otherwise away from housing 
86. The user may rotate wheel counterclockwise with a thumb 
or a finger to move pushing member 96 along needle 98 
towards piercing tip 99. In turn, the pushing member 96, 
which at least partially surrounds needle 98, helps initiate 
relative movement between the cannula and needle 98, such 
as by forcing the cannula off of needle 98. In this manner, the 
user may withdraw needle 98 from the cannula while keeping 
the cannula Substantially stationary relative to patient 12. 
Pushing member 96 slides within a member channel within 
housing 86 and is pressed between wheel 92 and the housing 
so that the friction between the wheel and the pushing mem 
ber is great enough to move the pushing member. 
0073. In some examples, wheel 92 and/or pushing mem 
ber 96 may have ridges, bumps, or teeth that aid in the friction 
between the wheel and the pushing member. In other 
examples, wheel 92 may ratchet against housing 86, mounts 
90, or axle 94 to only allow counterclockwise movement of 
the wheel until the cannula is moved off of needle 98. Alter 
natively, pushing member 96 may ratchet within the member 
channel (not shown) of housing 86 to only allow unidirec 
tional movement of the pushing member. The user may need 
to fully remove pushing member 96 from housing 86 and 
reinsert the pushing member into the housing to re-use the 
pushing member with implant tool 84. 
0074 Housing 86 and release mechanism 89 may be con 
structed of a variety of materials. Such as a lightweight 
molded plastic, e.g., polystyrene. In other embodiments, 
other injection molded plastics may be used such as polyure 
thane, polypropylene, high molecular weight polyurethane, 
polycarbonate or nylon. Alternatively, construction materials 
may include aluminum, stainless steel, a metal alloy or a 
composite material. In addition, housing 86 and release 
mechanism 89 may be constructed of different materials 
instead of being constructed out of the same material. In some 
examples, housing 86 and/or release mechanism 89 may 
include a rubber or soft tactile surface to prevent the hand of 
the user from slipping during use. In some embodiments, 
housing 86 and release mechanism 89 may be assembled 
through Snap fit connections, adhesives or mechanical fixa 
tion devices such as pins or screws. 
0075 Needle 98 may be constructed with a polymer or a 
metal, similar to needle 62. For example, needle 98 may be 
constructed of stainless steel, aluminum, an aluminum alloy, 
a titanium alloy, nitinol, or any other biocompatible material. 
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In addition, the material used by needle 98 be malleable by the 
user to create a shape capable of accessing the target site for 
stimulation. In any case, implant tool 84 may be constructed 
to be disposable or capable of being sterilized after use with 
patient 12. 
(0076 FIG. 7B shows a bottom view of implant tool 84. 
Housing 86 has a rounded shape to fit comfortably within the 
hand of a user while inserting needle 98 into patient 12. 
Pushing member 96 resides within member channel 100 of 
housing 86 and exits the housing against needle 98 near flange 
88. Wheel 92 contacts pushing member 96 through an open 
ing in housing 86 (not shown) adjacent to the wheel, and the 
wheel may have ridges along the outside edge of the wheel. 
Wheel 92 is rotated by the user to move pushing member 96 
along needle 98 until cannula is removed from the needle or 
the pushing member can no longer be advanced by the wheel. 
Flange 88 also defines channel 102 that creates a space 
between the flange and needle 98 to accept the cannula and 
promote the transfer of force from the flange to the needle 
during insertion into patient 12. 
(0077. As shown in FIGS. 7A and 7B, implant tool 84 is 
configured so that the user grasps housing 86 with a hand and 
uses their thumb or finger to rotate wheel 92 of release mecha 
nism 89. In other examples, wheel 92 may be positioned at 
another location on housing 86 that limits the stress to the 
hand of the user. For example, wheel 92 may be positioned 
further away from needle 98 or to one side of housing 86 
instead of positioned along the midline of the housing bottom. 
In any case, release mechanism 89 may be used to move the 
cannula along needle 98 and off of the needle. 
0078 FIGS. 8A and 8B are side and bottom views, 
respectfully, of an example implant tool with a release mecha 
nism including a pushing member and wheel assembly to 
move a cannula. Cannula 104 is substantially similar to can 
nula 68 of FIGS. 4A and 4B. As shown in FIG. 8A, implant 
tool 84 includes cannula 104 fitted over at least a portion of 
needle 98 and substantially conforming to the shape of the 
needle. The length of cannula 104 is slightly shorter than the 
exposed length of needle 98 to allow piercing tip 99 to extend 
past the distal end of the cannula 104. In this manner, piercing 
tip 99 of needle 98 may define an insertion path through tissue 
for needle 98 and cannula 104. 

(0079 Cannula 104 is fitted over needle 98 and the proxi 
mal end of the cannula resides against pushing member 96 of 
release mechanism 89. Cannula 104 also rests against flange 
88 and is disposed between needle 98 and flange 88. Flange 
88 transmits force from housing 86 to cannula 104 and needle 
98 to allow the user to apply a force to push piercing tip 99 
through tissue of patient 12 and minimize unwanted flexing of 
the needle. In some examples, flange 88 may reside around a 
greater Surface area of cannula 104 to support forces in mul 
tiple directions from the user. Once the distal end of cannula 
104 is positioned adjacent to the target site, the user rotates 
wheel 92 to move pushing member 96 against the cannula. In 
this manner, the user may initiate relative movement between 
cannula 104 and needle 98 in order to withdraw the needle 
from the cannula while substantially holding cannula 104 in 
place relative to the target tissue site. 
0080. In alternative embodiments, release mechanism 89 
may not require pushing member 96 to move cannula 104 
with respect to needle 98. Instead, cannula 104 may extend 
along needle 98 within housing 86 and be positioned next to 
wheel 92. Rotation of wheel 92 may directly contact the 
outside Surface of cannula 104 and move the cannula along 
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needle 98. In this manner, the user may have direct control of 
the release of cannula 104 from implant tool 84. 
I0081 FIG. 8A shows the bottom side of implant tool 84. 
Cannula 104 is shown as residing over needle 98 and adjacent 
to channel 102 of flange 88 and the distal end of pushing 
member 96. Cannula 104 may fill the space between channel 
102 and needle 98 in order to transmit force from flange 88 
into the needle. Pushing member 96 of release mechanism 89 
meets the proximal end of cannula 104 to facilitate the 
removal of the cannula from needle 98. In some examples, 
cannula 104 may extend to a position within housing 86 if a 
longer cannula is needed for implantation of the medical 
device. 

0082 Implant tools 50 or 84 may employ alternative 
release mechanisms not described herein but perform similar 
functions for Substantially holding a cannula in place proxi 
mate to a target tissue site within a patient while initiating 
relative movement between a cannula and a needle. Other 
release mechanisms may include ratcheting mechanisms that 
allow the user to move the cannula in one direction and 
prevent the user from retracting the cannula towards the hous 
ing. For example, the user may push a cradle against a pushing 
member to force the cannula off of the needle. The cradle may 
have angled teeth that lock against teeth of the pushing mem 
ber when the cradle moves toward the needle. The user may 
then pull the cradle back away from the needle as the teeth of 
the cradle and pushing member slide over each other. Addi 
tional movements of the cradle toward the needle may con 
tinue to move the pushing member against the cannula. 
0083 FIG.9 is an illustration of cannula 68 having a shape 
memory being removed from needle 62. While cannula 68 
and implant tool 50 are described in FIG. 9, other cannulas, 
such as cannula 104 (FIGS. 8A-8B), and implant tools, such 
as implant tool 84 (FIGS. 7A-8B), may be similar in function 
and structure. As shown in FIG. 9, as needle 62 is removed 
from lumen 106 of cannula 68, cannula 68 changes confor 
mation to a shape of radius R. The shape may aid in directing 
a distal tip of a medical lead, catheter or another medical 
device to an appropriate targettissue site. In one embodiment, 
cannula 68 defines the shape prior to implantation within 
patient 12, but adapts to the shape of needle 62 while needle 
62 is disposed within cannula 68 because needle 62 is typi 
cally more rigid than cannula 68. Upon withdrawal of needle 
62, cannula 68 assumes the shape defined by R, which has a 
radius of curvature R. R. may vary due to patientanatomy or 
the tissue targeted to be stimulated. In general, R is in a range 
of approximately 1 cm to 20 cm. More preferably, R is in a 
range of approximately 2 cm to 10 cm. As needle 62 is 
completely removed from cannula 68, cannula 68 achieves 
the shape shown in FIG. 9. A medical device may then be 
introduced into the inner lumen of cannula 68 previously 
occupied by needle 62 of implant tool 50. 
0084 Cannula 68 may include an additional visible 
marker 69 to indicate the direction in which cannula 68 is 
configured to curve. Marker 69 enables the clinician to orient 
implant tool 50 during implantation in the patient such that 
when needle 62 is removed from the lumen of cannula 68, 
cannula 68 curves in the desired direction. In some embodi 
ments, marker 69 is in a location in which marker 69 remains 
visible to the clinician after the clinician introduces implant 
tool 50 into patient 12. For example, marker 69 may be 
positioned on needle 62 in addition to or instead of on cannula 
68. In general, marker 69 may be located anywhere on tool 50. 
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So long as marker provides the clinician with enough infor 
mation to determine which direction cannula 68 will curve. 
I0085 Cannula 68 may also help refine the shape of the 
insertion path previously defined by needle 62. In some cases, 
needle 62 may not be able completely define the desired 
insertion path because the shape (i.e., configuration) of needle 
62 is dictated by the shape that is necessary to reach the target 
tissue site without causing Substantial damage to tissue. For 
example, in some embodiments, it may be desirable for a deep 
portion of the insertion path (i.e., the portion furthest from the 
entry point) to pivot or curve about 30 degrees or more. 
However, it may be undesirable for the distal portion of 
needle 62 to pivot about 30 degrees or more because such a 
needle may be difficult to guide through tissue of the patient 
without causing unnecessary trauma to the tissue. Cannula 
68, on the other hand, may provide the pivot or curve after 
being tunneled through the tissue. 
I0086. The pivot or curve at the end of the insertion path 
may be useful for implanting a lead, catheter or another 
elongated medical device to be implanted with extra slack in 
order to impart strain relief to the implanted elongated medi 
cal device. That is, upon changing shape after the removal of 
needle 62, cannula 68 may refine the insertion path to include 
a greater curvature than that achieved by needle 62, which 
allows an elongated medical device to be implanted Such that 
the elongated member has a greater length than necessary to 
reach the implant site of an electrical stimulator, fluid delivery 
device or another therapy device to be implanted. The greater 
length of the elongated medical device may help the medical 
device withstand pulling forces attributable to the movement 
of muscles along the path traversed by the elongated medical 
device. The shape memory aspect of cannula 68 may also aid 
in the implantation of a medical device to regions within a 
patient that may be difficult to reach with needle 62, which 
may not be able to achieve to certain radii of curvature despite 
being malleable in Some embodiments. 
I0087. In addition to the shape memory material of cannula 
68, a coating may also be applied to at least a part of cannula 
68. For example, a parylene or oxide film coating may be 
applied to cannula 68 in order to electrically insulate the 
cannula. Also, addition of a lubricating film or coating, Such 
as polytetrafluoroethylene (PTFE), to the outer surface of 
cannula 68 may be desirable to facilitate insertion. 
I0088 FIG. 10 is a side view of an example implantable 
medical lead capable of being implanted via the cannula. As 
shown in FIG. 10, lead 108 is an example medical device that 
may be implanted using implant tool 50 and cannula 68, for 
example. Lead 108 includes lead body 110, tines 112, and 
electrodes 114A, 114B, 114C, and 114D (collectively “elec 
trodes 114). Electrodes 114 may be similar to electrodes 26 
of FIG. 2A. After implant tool 50 is properly positioned 
relative to a target site within patient 12, and needle 62 is 
withdrawn from cannula 68, lead 108 may be advanced 
through the lumen of cannula 68 until electrodes 114 are 
properly placed relative to the target site. Implant tool 50 may 
also be used to tunnel the proximal end of lead 108 (not 
shown) to the location that stimulator 14 resides patient 12. 
0089. When the user removes cannula 68 from around lead 
108, tines 112 unfold and extend into the surrounding tissue 
to anchor or fix the position of electrodes 114 relative to the 
target tissue site. In other examples, lead 108 may utilize less 
or more tines anywhere along leadhousing 110. In alternative 
examples, lead 108 may include fixation elements different 
than leads 112. For example, lead 108 may incorporate any of 
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helical fixation elements, Snap closure elements, hydrogel 
elements, tissue adhesives, or Sutures to anchor the lead 
within patient 12. 
0090 FIG. 11 is a block diagram of an example leadless 
medical device capable of being implanted via the cannula. 
Implant tool 50 or 84 and cannulas 68 or 104, respectively, 
may also be used to directly implant a leadless electrical 
stimulation module 116 within patient 12. Stimulation mod 
ule 116 may be appropriate at sites where leads are not desired 
or stimulation is desired at multiple locations in a certain 
region. Stimulation module 116 may provide leadless elec 
trical stimulation using a unitary, integrated stimulation mod 
ule carrying one or more electrodes, stimulation pulse gen 
eration circuitry, and optionally telemetry circuitry. FIG.11 is 
a schematic diagram illustrating an exemplary leadless elec 
trical stimulation module 116 for electrical stimulation of a 
target site within patient 12. Stimulation module 116 may be 
implanted using implant tool 50 or 84 and the respective 
cannula 68 and 104. 

0091 Stimulation module 116 includes implantable hous 
ing 118, circuit board 120, power supply 122, and electrodes 
124A and 124B (collectively “electrodes 124). Stimulation 
module 116 contains all necessary components to provide 
complete stimulation therapy without any lead or other wire 
connected to stimulation module 116. Stimulation module 
116 may be implanted using devices and techniques as 
described in this disclosure. 
0092 Housing 118 is biocompatible and protects the com 
ponents of stimulation module 116 from corrosive biological 
fluids and tissues. Housing 118 may contain fixation mecha 
nisms, such as times similar to tines 112 of lead 108 to secure 
stimulation module 116 near a desired nerve location. Circuit 
board 120 includes components such as a processor, memory, 
telemetry circuitry, or other electronics necessary for per 
forming electrical stimulation, similar to the components of 
stimulator 14A shown in FIG. 2A. Power source 122 includes 
a battery or rechargeable battery to power the electrical cir 
cuitry of stimulation module 116. Power source 122 may also 
generate power through a trickle charger utilizing patient 
motion or induction with an external device. Electrodes 124 
are attached to housing 118 and may be either a cathode or 
anode to provide electrical stimulation. In some embodi 
ments, stimulation module 116 may include more than two 
electrodes. Alternatively, electrodes 124 may be tethered to 
housing 116 with a lead. In some embodiments, multiple 
leadless stimulation modules 116 may be implanted within 
the pelvic floor using devices and techniques as described in 
this disclosure. 

0093 FIG. 12 is an illustration of an example implantable 
medical device 116 being implanted into a tissue site 126 via 
the cannula 68. Tissue site 126 may be the pelvic floor as one 
example, and in other embodiments, leadless stimulation 
module 116 may be implanted proximate to a peripheral 
nerve of patient 12. A distal end 68A of cannula 68 has been 
positioned proximate to target tissue site 126 using, for 
example, implant tool 50. Inner lumen 106 of cannula 68 may 
be sized to receive module 116. Stimulation module 116 may 
be small enough to slide through inner lumen 106 of cannula 
68, such that stimulation module 116 may be implanted 
proximate to target tissue site 126 within patient 12. That is, 
after distal end 68A of cannula 68 is positioned proximate to 
target tissue site 126 via implant tool 50 (or any other suitable 
implant tool), needle 62 may be withdrawn from inner lumen 
106 of cannula 68. Thereafter, stimulation module 116 may 
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be introduced into inner lumen 106 of cannula 68 to reach the 
target tissue site 126. In other embodiments, stimulation 
module 116 may be implanted through needle 62 without 
cannula 68. In some cases, a guide wire or stylet may be used 
to aid in placing stimulation module 116 in an appropriate 
location. In addition, in some cases, more than one stimula 
tion module 116 may be placed adjacent to tissue site 126 for 
effective stimulation therapy. 
(0094 FIGS. 13 A-13D are illustrations of an exampletech 
nique for implanting a medical device using an implant tool 
with a release mechanism. Implant tool 50 and cannula 68 
will be used in the example of FIGS. 13 A-13D. However, 
other implant tools and cannulas Such as implant tool 84 and 
cannula 104 (shown in FIGS. 7A-8B) may be similarly used. 
As shown in FIG. 13A, a user begins introducing needle 62 of 
implant tool 50 into patient 12 in order to implant a medical 
device at target site 130 within the pelvic floor of the patient. 
As one example, target site 130 may be adjacent to a sacral 
nerve to treat urinary incontinence. In other embodiments, 
target site 130 may be any suitable tissue site within patient 
12. Such as other nerves or muscles. Skin opening (or “entry 
point) 128, through which needle 62 is inserted, may be 
created by piercing tip 64 or by an incision made by the user. 
Skin opening 128 may be just large enough for needle 62 and 
cannula 68 to pass into patient 12 in order to minimize the 
invasiveness of the implantation procedure. 
(0095. The user holds onto housing 52 of implant tool 50 to 
direct the insertion of needle 62 and cannula 68 into patient 12 
via skin opening 128. Generally, the path of needle 62 and 
cannula 68 may be controlled by the shape of needle 62. The 
shape of needle 62 may be preformed based upon the implant 
location. Alternatively, needle 62 may be malleably, allowing 
the shape of needle 62 to be altered by the user during the 
implantation procedure as the need arises for needle 62 to 
achieve a different shape. In this way, a malleable needle 62 
enables the user to personalize implant tool 50 the anatomy of 
a particular patient or to a particular target tissue site 130. The 
user may guide implant tool 50 along a path through tissue of 
patient 12 that substantially follows the shape of needle 62. In 
the embodiment shown in FIG. 13A, needle 62 and cannula 
68 are guided through dorsal foramen 22 in sacrum 20 in 
order to access tissue site 130. In some cases, the user may use 
a second hand to help guide needle 62. 
(0096 FIG. 13B shows the orientation of implant tool 50 
relative to patient 12 when piercing tip 64 of needle 62 is 
correctly placed adjacent to target site 130. Needle 62 and 
cannula 68 extend through dorsal foramen 22 in sacrum 20 
and out of patient 12 via skin opening 128. When removing 
implant tool 50 from cannula 68, it is typically undesirable to 
move the cannula with respect to patient 12 and target site 130 
because the position of cannula 68 may affect the implant site 
for the medical device, which may ultimately affect the effi 
cacy of therapy delivery to patient 12. Thus, in order to 
minimize movement of cannula 68 as needle 62 is withdrawn 
from patient 12, the user may push release mechanism 54 in 
the direction of arrow 132 while simultaneously pulling back 
on implant tool 50 in the direction of arrow 134. The user 
continues to withdraw implant tool 50 in the direction of 
arrow 134, and the direction of withdrawal of implant tool 50 
may be influenced by the shape of needle 62. By applying a 
force to cannula 68 that substantially counteracts any forces 
imposed on cannula 68 from the withdrawal of implant tool 
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50, release mechanism 54 retains cannula 68 substantially in 
place adjacent to target site 130 during the withdrawal of 
needle 62 from the cannula. 

0097 FIG. 13C shows implant tool 50 partially removed 
from cannula 68 and patient 12. The distal end of cannula 68 
remains adjacent to target site 130 while needle 62 is moved 
in the direction of arrow 136. Since release mechanism 54 
may not contact the proximal end of cannula 54 during the 
entire removal process, the user may hold onto housing 52 of 
implant tool 50 with one hand while grasping the proximal 
end of cannula 68 that remains outside of patient 12. In other 
implant techniques utilizing other embodiments of implant 
tools, the release mechanism may continue to engage cannula 
68 until needle 62 has been completely removed from the 
cannula. As previously described, however, in Some cases, 
movement of cannula 68 relative to target tissue site 130 when 
needle 62 is withdrawn from cannula 68 may be attributable 
to static friction between cannula 68 and needle 62. Accord 
ingly, embodiments of implant tools in which release mecha 
nism 54 engages with cannula 68 to hold cannula 68 substan 
tially in place only during an initial step of initiating 
movement between cannula 68 and needle 62 may still be 
useful. After the withdrawal of implant tool 50 from cannula 
68, the cannula remains within patient 12 and is ready to 
receive the medical device for implantation through inner 
lumen 106. 

0098 FIG. 13D illustrates the insertion of a medical 
device, e.g., lead 108, into lumen 106 of cannula 68. In one 
embodiment, the user may grasp cannula 68 with one hand 
and slowly advance the distal end of lead 108 into the cannula 
in the direction of arrow 138. The user continues to feed lead 
108 into cannula 68 until electrodes 114 are correctly posi 
tioned in relation to target site 130. In some examples the user 
may couple lead 108 to a stimulator in order to deliver test 
stimulation to target site 130. The test stimulation may aid the 
user in correct placement of lead 108. Once lead 108 is 
correctly positioned, the user removes cannula 68 while keep 
ing lead 108 in place within patient 12. Removal of cannula 
68 deploys times 112, or other fixation devices, into surround 
ing tissue, and tines 112 may expand and anchor the distal end 
of lead 108 adjacent to tissue site 130. In addition, the user 
may tunnel the proximal end of lead 108 to the location of 
implantable stimulator 14 using an implant tool. Such as 
implant tool 50. 
0099 While lead 108 was implanted into patient 12 using 
implant tool 50 and cannula 68, other medical devices may be 
implanted using the technique described in FIGS. 13 A-13D. 
For example, a microstimulator, e.g., leadless stimulation 
module 116, or a fluid delivery catheter may be inserted into 
cannula 68 and implanted adjacent to target site 130. Alter 
natively, cannula 68 may be used to implant multiple leads or 
devices at desired location within patient 12. In any case, the 
release mechanism of the implant tool may allow the user to 
more easily retain the position of the cannula adjacent to the 
target site. 
0100 FIG. 14 is a flow diagram of an example technique 
for implanting a medical device using an implant tool. 
Implant tool 50 and cannula 68 will be used in the example of 
FIG. 14. However, a similar technique may be used with 
implant tool 84 and cannula 104. As shown in FIG. 14, the 
user begins implantation by inserting cannula 68 into patient 
12 through the use of needle 62 of implant tool 50 (140). The 
user continues inserting, or tunneling, needle 62 into patient 
12 until piercing tip 64 of needle 62 is positioned near the 
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target site (142). Once the user has positioned the distal end of 
cannula 68 correctly, the user uses release mechanism 54 to 
begin the removal of the cannula while simultaneously with 
drawing needle 62 from the cannula (144). A technique for 
determining whether a distal end of cannula 68 is correctly 
positioned relative to a target tissue site is described below 
with reference to FIGS. 15-17. 

0101 The user continues to withdraw needle 62 from can 
nula 68 until the entire needle exits the cannula (146). With 
cannula in place, the user begins to feed lead 108 through 
cannula 68 until electrodes 114 of the lead are placed cor 
rectly within patient 12 (148). As previously described, test 
electrical stimulation signals may be delivered to patient 12 
via electrodes 114 of lead 108 in order to confirm placement 
of lead 108. In other examples, other medical devices such as 
stimulation module 116 may be implanted via cannula 68. 
The user then removes cannula 68 from lead 108 (150). 
Removal of cannula 68 from lead 108 may cause fixation 
devices attached to the lead to deploy into Surrounding tissue, 
such as the extension of tines 112 that anchor the lead within 
patient 12. In some embodiments, the user may finish implan 
tation of system 10 by tunneling the proximal end of lead 108 
through patient 12 to an implant site for stimulator 14 and 
couple the lead to stimulator 14 (152). In some embodiments, 
additional tunneling may be performed by implant tool 50 
and/or cannula 68. 
0102 FIGS. 15A and 15B are conceptual diagrams of 
example cannulas 154 and 166 including one or more elec 
trodes to provide test stimulation to a patient in order to 
determine a placement of the cannula 154, 156 relative to a 
target tissue site or in order to determine a location of the 
target tissue site relative to the cannula 154, 156. Cannulas 
154 and 166 may be similar to cannulas 68 (FIGS. 4A-4B) 
and 104 (FIGS. 8A-8B). However, cannulas 154 and 166 may 
aid the user in locating the target site for stimulation or other 
therapy delivery. As shown in FIG. 15A, cannula 154 includes 
elongated housing 156 that defines lumen 158. 
(0103 Cannula 154 also includes electrode 160 located at 
distal portion 156A and electrical contact 164 located at 
proximal portion 156B. Electrical contact 164 and electrode 
160 are electrically coupled via conductive element 162 
(shown in phantom lines). Test stimulation may be delivered 
to patient 12 via electrode 160 of cannula 154 in order to aid 
the user in locating the target site for stimulation therapy or 
determine a relative location between distal portion 156A of 
cannula 154 and the target therapy delivery site. Electrode 
160 may simulate an electrode of a medical device implanted 
through cannula 154 without requiring the user to remove the 
needle of an implant tool. 
0104. In addition, stimulation delivered by electrode 160 
may be useful for adjusting a position of implant tool 178 
(FIGS. 16A-16B) within the patient by providing a mecha 
nism for determining a location of the target site relative to 
electrode 160 of cannula 154. For example, upon delivering 
test stimulation via electrode 160 and receiving patient feed 
back or observing any other patient reactions to the stimula 
tion, the user may determine that electrode 160 is positioned 
a significant distance from the target tissue site. Thus, based 
on information generated by delivering test stimulation via 
electrode 160, the user may adjust the position of implant tool 
178, such as by at least partially withdrawing implant tool 178 
and cannula 154 from the patient and reinserting the implant 
tool and cannula into the patient in a direction that may be 
closer to the target tissue site. 
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0105 Electrical contact 164 is provided on the outsider 
Surface of cannula 154 to couple to a corresponding contact of 
implant tool 178 (FIGS. 16A and 16B). The coupling between 
the electrical contacts of cannula 154 and implant tool 178 
enables a stimulation signal to be transferred between a 
stimulation signal source and electrode 160. The stimulation 
signal is transmitted from electrical contact 164, through 
conductive element 162, and to electrode 160 where the sig 
nal reaches tissue of patient 12. In other examples, electrical 
contact 164 may be located in lumen 158 of elongated hous 
ing 156 to couple to a contact located on the needle of the 
implant tool. 
0106. In the embodiment shown in FIG. 15A, conductive 
element 162 is generally located within the material of elon 
gated housing 156 to insulate both the needle and Surrounding 
tissue from the electrical signal conducted through the con 
ductive element. In other embodiments, conductive element 
162 may be electrically insulated and disposed along an outer 
surface of cannula 154 or along an inner lumen 158 of cannula 
154, rather than substantially embedded within housing 156. 
Conductive element 162 may be provided in a helical or spiral 
arrangement within elongated housing 156. The helical shape 
of conductive element 162 may allow the conductive element 
to bend with elongated housing 156 while reducing mechani 
cal stress to the conductive element. In other embodiments, 
conductive element 162 may be positioned generally straight 
along a side of elongated housing 156 if cannula 154 bending 
may be minimal during the implantation procedure. In addi 
tion, cannula 154 may have multiple ring, partial ring or 
segmented electrodes located along the length of elongated 
housing 156 in addition to electrode 160, similar to lead 108. 
Each electrode may be coupled to separate electrical contacts 
via separate conductive elements so that a separate signal may 
be delivered to each of the multiple electrodes. 
0107 Two or more electrodes on cannula 154 may be 
useful for, for example, providing electrodes for bipolar 
stimulation. If cannula 154 includes a single electrode 160, 
the test electrical stimulation may be delivered between elec 
trode 160 and an external ground pad attached to an external 
surface of patient 12 or between electrode 160 and conductive 
needle 62 (or vice versa, the stimulation may be delivered 
from needle 62 to electrode 160, which acts as a ground). On 
the other hand, if cannula 154 includes multiple electrodes, 
stimulation may be delivered between at least two of the 
electrodes. 

0108. As shown in FIG. 15B, another embodiment of can 
nula 166 includes elongated housing 168 that defines lumen 
170. Cannula 166 also includes electrodes 172A and 172B 
(collectively “electrodes 172) located at distal portion 168A 
and electrical contacts 176A and 176B (collectively “electri 
cal contacts 176”) located at proximal portion 168B. Electri 
cal contacts 176 and electrodes 172 are electrically coupled 
via separate conductive elements 174A and 174B (collec 
tively “conductive elements 174). 
0109 Cannula 166 delivers test stimulation to patient 12 
via at least one of electrodes 172 in order to aid the user in 
locating the target site for stimulation therapy or determining 
a relative position between cannula 166 and the target site. 
Electrodes 172 may simulate an electrode of a medical device 
implanted through cannula 166 without requiring the user to 
remove the needle of an implant tool before testing the posi 
tion of the cannula. Each of electrodes 172 are semi-circular 
in cross-section (e.g., partial ring or segmented electrodes) 
located on a circumferential subsection of the substantially 
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cylindrical housing 168. For example, electrodes 172 may 
each extend around less than one-half of the outer circumfer 
ence of elongated housing 168. In the embodiment shown in 
FIG. 15B, electrodes 172A and 172B have different circum 
ferential positions on cannula 166. 
0110 Discrete use of one of electrodes 172 may allow the 
user to locate the exact location of the target site. For example, 
the user may deliver stimulation via one of electrodes 172 in 
order to determine which side of cannula 166 the target tissue 
site is located. Once the user knows which side of cannula 166 
is adjacent to the target site, the user may be able to implanta 
medical device configured to direct stimulation to that par 
ticular site or redirect implant tool 178 (FIGS. 16A-B) toward 
the target site. An example medical device may be a lead with 
segmented electrodes or a complex electrode array located 
around the perimeter of the lead. This type of medical device 
may need to be correctly oriented in the circumferential posi 
tion before insertion into cannula 166 to retain the direction 
information obtained from the test stimulation. 

0111 Cannula 166 may include marker 169 with which 
segmented or partial ring electrodes may be aligned in order 
to ensure that the segmented or partial ring electrodes are 
implanted in a desired orientation. For example, marker 169 
may be aligned with one of electrodes 172A, 172B in order to 
indicate the direction in which the electrode 172A or 172B 
faces. In other embodiments, cannula 166 may include more 
than one marker (e.g., one marker per electrode). Marker 169 
may be a printed marker on cannula 166, an indentation in 
cannula 166, a radiographic marker, or another type of marker 
that is visible or otherwise detectable (e.g., detectable by a 
radiographic device) by a user. In addition, in Some embodi 
ments, marker 169 may be placed at proximal portion 168B of 
cannula 166 such that marker 169 remains visible to the user 
when cannula 166 is partially implanted within patient 12. In 
other embodiments, other types of indicator techniques may 
be used to identify a relative location of one or more seg 
mented or partial ring electrodes, such as luer lock wings on 
cannula 166. 
0112 While effective stimulation may still be provided to 
patient 12 despite the segmented electrodes of a lead not 
facing toward the target tissue site, implanting the lead Such 
that the segmented electrodes face toward the target stimula 
tion site may help reduce the amount of power consumed by 
an electrical stimulator. That is, delivering stimulation via 
segmented electrodes that face toward the target stimulation 
site may be a more efficient use of stimulation energy because 
Substantially the same results may achieved with less energy 
as compared to delivering stimulation via segmented elec 
trodes facing away from the target stimulation site. 
0113. In other examples of cannula 166, the cannula may 
have only one semi-circular electrode or more than two elec 
trodes around the perimeter of the elongated housing. In 
addition, some examples of cannula 166 may include mul 
tiple groups of electrodes 172 along the length of distal por 
tion 168A. 

0114 Electrical contacts 176 are provided on the outside 
ofelongated housing 168 to couple to corresponding contacts 
of an implant tool similar to implant tool 178 (FIG. 16A and 
16B) to transfer the stimulation signal. The stimulation signal 
is transmitted from electrical contacts 176, through conduc 
tive elements 174, and to electrodes 172 where the signal 
reaches tissue of patient 12. In other examples, electrical 
contact 176 may be located in lumen 170 of elongated hous 
ing 168 to couple to contacts located on the needle of the 
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implant tool. Alternative examples of cannula 166 may 
include electrical contacts 176 embodied as semi-circular 
elements positioned around the perimeter of proximal portion 
168B, similar to the placement of electrodes 172. 
0115 Conductive elements 174 are generally located 
within the material of elongated housing 168 to insulate both 
the needle and Surrounding tissue from the electrical signal 
conducted through the conductive elements. In other embodi 
ments, conductive elements 172 may be electrically insulated 
and disposed along an outer Surface of cannula 166 or along 
an inner lumen 170 of cannula 166, rather than substantially 
embedded within housing 168. Conductive elements 174 may 
be provided in a helical or spiral arrangement within elon 
gated housing 168. The helical shape of conductive element 
174 may allow the conductive elements to bend with elon 
gated housing 168 while reducing mechanical stress to the 
conductive elements. In other embodiments, conductive ele 
ments 174 may be positioned generally straight along a side 
of elongated housing 168 if cannula 166 bending may be 
minimal during the implantation procedure. 
0116. In other embodiments, a cannula may include a 
single stimulation electrode 172A or 172B that extends 
aroundless than one hundred percent of the outer perimeter of 
housing 168 of cannula 166. The user may deliver stimulation 
to determine a direction of the target tissue site relative to 
electrode 172A or 172B and rotate cannula 166 within the 
patient (i.e., rotate cannula 166 along longitudinal axis 167) 
as needed in order to "search' in different directions for the 
target tissue site with the test stimulation. Cannula 166 is 
typically relatively rigid, thus, minimizing the possibility of 
torsion (i.e., twisting) of cannula 166 when the user rotates 
cannula 166 while cannula 166 is disposed within patient 12s. 
0117 Cannulas 154 and 166 may be constructed of a bio 
compatible material that is flexible to bend according to the 
shape of needle 190 (FIGS. 16A and 16B), similar to cannulas 
68 or 104. Suitable materials may include polymers such as 
polyurethane, polyethylene, vinyl, expanded-polytetrafluo 
roethylene (ePTFE), or other polymers. Alternatively, can 
nula 68 may be constructed of a material that has a shape 
memory so that the cannula forms to a predetermined shape 
once removed from the needle. Examples of suitable shape 
memory materials include, but are not limited to, a copper 
Zinc-aluminium alloy, copper-aluminium-nickel alloy, a 
nickel-titanium alloy (e.g., Nitinol) or ethylene tetrafluoroet 
hylene (ETFE). Cannula 68 may be constructed of other 
plastics capable of being thermoset, or heated to a certain 
shape. Nitinol may provide an additional benefit in that it may 
be more readily visualized during fluoroscopy. 
0118 FIG. 16A is a side view of an example implant tool 
178 that provides test stimulation to patient 12. Implant tool 
178 is substantially similar to implant tool 50. Cannula 154 is 
described in combination with implant tool 187, but cannula 
166 may also be used in some examples. As shown in FIG. 
16A, implant tool 178 includes housing 180, flange 182, 
release mechanism 184, grip 186, guide 188, needle 190, and 
cable 196. As shown in FIG.16A, cannula 154 is fitted over 
needle 190 and substantially conforms to the shape of the 
needle. The length of cannula 154 is slightly shorter than the 
exposed length of needle 190 to allow piercing tip 192 of the 
needle to extend past the end of the cannula. A user may hold 
implant tool 178 via housing 180 while guiding introducing 
needle 190 and cannula 154 through tissue of a patient via 
piercing tip 192. 
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0119 Cannula 154 is fitted over at least a portion of needle 
190 and proximal portion 156B of the cannula resides against 
guide 188 of release mechanism 184. In the embodiment 
shown in FIG.16A, cannula 154 also rests against flange 182 
of housing 180 and against needle 190. However, as described 
above, in other embodiments, cannula 154 does not necessar 
ily contact flange 182 until a sufficient force is applied to 
needle 190 and cannula 154. Flange 182 transmits force from 
housing 180 to cannula 154 and needle 190 to allow the user 
to push piercing tip 192 through tissue of patient 12 and 
minimize unwanted flexing of the needle. In some examples, 
flange 182 may resides around a greater Surface area of can 
nula 154 to support forces in multiple directions from the 
USC. 

0.120. The user may deliver test stimulation to patient 12 
via cannula 154 in order to verify the placement of distal 
portion 156A of the cannula relative to a target tissue site as 
well as to locate a target tissue site. In some embodiments, 
implant tool 178 may include a signal generator similar to 
stimulator 14A that generates a stimulation signal. Implant 
tool 178 may receive power via cable 196 and plug 198 when 
the plug is coupled to an electrical outlet. The signal generator 
of implant tool 178 may have predefined parameters set for 
test stimulation. The user may press button 194 to deliver the 
test stimulation via cannula 154. Alternatively, implant tool 
178 include any of a processor, memory, user interface, or 
telemetry circuit to program the desired test stimulation 
parameters into the implant tool. In other examples, implant 
tool 178 may be coupled to an external signal generator via 
cable 196 and plug 198 that generates the stimulation signal 
for test stimulation. 

I0121 The user may continue to reposition needle 190 and 
cannula 154 and deliver additional test stimulations to patient 
12 via electrode 160 until the user verifies correct placement 
of distal portion 156A adjacent to the target site. Once distal 
portion 156A of cannula 154 is positioned adjacent to the 
target site, the user may utilize release mechanism 184 to 
initiate movement between cannula 154 and needle 190. In 
the embodiment shown in FIG. 16A, the user may pushes 
against grip 186 of release mechanism 184 while withdraw 
ing the needle from the cannula with housing 180. A medical 
device may then be implanted within the patient via lumen 
158 of cannula 154. 

(0.122 FIG. 16B shows the bottom side of implant tool 178 
without a cannula placed over needle 190. Flange 182 defines 
channel 200 between the flange and needle 190. A cannula, 
such as cannula 154, may slide between within channel 200. 
Guide 188 of release mechanism 184 engages with the proxi 
mal portion of the cannula to facilitate the removal of the 
cannula from needle 190. In some examples, the cannula may 
extend to a position within housing 180 if a longer cannula is 
needed for implantation of the medical device. 
I0123 Implant tool 178 also includes electrical contact 202 
disposed within channel 200 offlange 182. Electrical contact 
202 is positioned to contact electrical contact 164 of cannula 
154, for example, and transmit the test stimulation signal to 
the cannula. In other examples, electrical contact 202 may be 
disposed on needle 190, in which case electrical contact 164 
of cannula 154 may be located within lumen 158. Alterna 
tively, implant tool 178 may have multiple electrical contacts 
within channel 200 in order to deliver test stimulation to a 
cannula with any number of electrical contacts. In this man 
ner, implant tool 178 may be used with any of cannulas 154, 
166 or other cannulas that include at least one electrode. 
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0.124 Test stimulation may only be delivered to electrical 
contacts of implant tool 178 that are coupled to a cannula 
electrical contact that completes a circuit. Thus, if implant 
tool 178 is withdrawn from cannula 154, the contact between 
electrical contact 202 and electrical contact 164 of cannula 
154 may be interrupted, and test stimulation may not be 
delivered to patient 12 via electrode 160. 
0.125 FIG. 17 is a flow diagram of an example technique 
for implanting a medical device within a patient with the aid 
of a cannula including one or more electrodes for providing 
test stimulation to a patient. Implant tool 178 and cannula 154 
will be used in the example of FIG. 17, although a similar 
technique may be used with cannula 166 (FIG. 15B). As 
shown in FIG. 17, the user begins implantation by inserting 
cannula 154 into patient 12 through the use of needle 190 of 
implant tool 178 (204). Piercing tip 192 of needle 190 may 
define an insertion path through tissue of the patient. The user 
continues inserting, or tunneling, needle 190 into patient 12 
until piercing tip 192 of the needle is positioned near the 
target site (206). 
0126 The user delivers test stimulation with implant tool 
178 to the target site via electrode 160 of cannula 154 (208). 
If the user verifies that cannula 154 is not positioned correctly 
based on the feedback of patient 12 or other physiological 
responses of patient 12 to the test stimulation (210), the user 
repositions piercing tip 192 of needle 190 near the estimated 
target site (206). As previously described, if electrode 160 of 
cannula 154 is a partial ring or segmented electrode, the test 
stimulation delivered via electrode 160 may also be used to 
determine the approximate location of the target site and 
readjust the position of needle 190 and cannula 154 within 
patient. If the user verifies that cannula 154 is correctly posi 
tioned adjacent to the target site (210), the user uses release 
mechanism 184 to begin the removal of the cannula while 
simultaneously withdrawing needle 190 from the cannula 
(212). 
0127. The user continues to withdraw needle 190 from 
cannula 154 until the entire needle exits the cannula (214). 
With cannula in place within the insertion path previously 
defined by the piercing tip 192 of needle 190, the user may 
advance lead 108 through cannula 154 until electrodes 114 of 
the lead are placed correctly within patient 12, i.e., correctly 
positioned relative to the target site (216). In other examples, 
other medical devices, such as stimulation module 116 or a 
fluid delivery catheter, may be implanted via cannula 154. 
After lead 108 is correctly positioned relative to the target 
tissue site, the user may remove cannula 154 from lead 108 
(218). The relative position between lead 108 and the target 
tissue site may be confirmed via test stimulation delivered via 
one or more electrodes 114 of lead 108. Fixation devices 
attached to the lead may deploy into tissue as cannula 154 is 
removed from patient 12. In some embodiments, the user may 
tunnel the proximal portion of lead 108 through patient 12 in 
order to couple the lead to stimulator 14 (220). In other 
examples, additional tunneling may be performed by implant 
tool 178 and/or cannula 154. 
0128 FIG. 18 is a flow diagram of an example technique 
for locating a target tissue site within a patient with the aid of 
a cannula including one or more electrodes for providing test 
stimulation to a patient. As in the technique shown in FIG. 17. 
a needle and cannula are inserted into patient12 (204) and test 
stimulation is delivered to patient 12 via at least one of elec 
trodes 172 of cannula 166 (206). In other embodiments, can 
nula 154 may be used in the technique shown in FIG. 18 if 
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electrode 160 comprises a partial ring or segmented elec 
trode. Based on patient feedback to the test electrical stimu 
lation or other physiological responses (e.g., a muscle con 
traction) to the electrical stimulation, the user may determine 
a location of the target tissue relative to the direction in which 
stimulation was directed (222). For example, if stimulation is 
delivered via electrodes 172 of cannula 166 at different times, 
patient feedback to the stimulation via electrode 172A may be 
compared to the patient feedback to the stimulation via elec 
trode 172B. The comparison may indicate whether the target 
tissue site is closer to stimulation electrode 172A or 172B. 
Any number of stimulation electrodes may be used. If a single 
partial ring or segmented electrode is used to deliver the test 
stimulation to patient 12, the user may rotate cannula 166 
about longitudinal axis 167 and compare the patient response 
to the different rotational positions of cannula 166 in order to 
determine the approximate location of the target tissue rela 
tive to the cannula (222). 
0129. If the test stimulation indicates that cannula 166 is 
placed correctly relative to the target site (224), the user may 
user the release mechanism 184 of implant tool 178 to initiate 
withdrawal of needle 190 from cannula 166 (212). On the 
other hand, if the test stimulation indicates that cannula 166 is 
not placed correctly relative to the target site (224), the user 
may adjust the position of needle 190 and cannula 166 within 
the patient, such as by withdrawing the needle 190 partially or 
completely from patient 12 and reinserting needle 190 into 
patient 12 toward the approximate location of the target site 
(226). Test electrical stimulation may then be delivered via 
cannula 166 (208), and so forth until the user determines that 
cannula 166 is correctly placed relative to the target site (224). 
0.130 Many embodiments of the invention have been 
described. Various modifications may be made without 
departing from the scope of the claims. These and other 
embodiments are within the scope of the following claims. 

1. An implant tool comprising: 
a housing configured to be held by a user; 
a needle coupled to the housing and configured to be 

inserted into tissue of a patient, wherein the needle is 
configured to fit within a cannula; and 

a release mechanism configured to move the cannula 
toward a distal end of the needle when the needle is fit 
within the cannula. 

2. The implant tool of claim 1, wherein the housing com 
prises a flange that extends near a side of the needle. 

3. The implant tool of claim 2, wherein the flange of the 
housing defines a channel configured to receive at least a 
portion of the cannula when the cannula is positioned around 
the needle. 

4. The implant tool of claim 1, wherein the release mecha 
nism slides within a slot defined by the housing. 

5. The implant tool of claim 1, wherein the release mecha 
nism Surrounds at least a portion of the needle. 

6. The implant tool of claim 1, wherein the release mecha 
nism is configured to be moved by at least one of a finger or a 
thumb of the user. 

7. The implant tool of claim 1, wherein the release mecha 
nism comprises: 

a pushing member that resides within a pushing channel 
defined by the housing and configured to slide relative to 
the needle; and 

a wheel rotatably attached to the housing and configured to 
move the cannula relative to the needle. 
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8. The implant tool of claim 1, wherein the needle com 
prises piercing tip. 

9. The implant tool of claim 8, wherein the shape of the 
needle is moldable by the user. 

10. A method comprising: 
introducing an implant tool and a cannula into a patient, the 

implant tool comprising: 
a housing configured to be held by a user; 
a needle coupled to the housing and configured to be 

inserted into a tissue of a patient and configured to fit 
within an inner lumen of the cannula; and 

a release mechanism configured to move the cannula 
away from the housing: 

advancing the needle and the cannula to a target site within 
the patient; and 

moving the cannula in a direction away from the housing 
with the release mechanism. 

11. The method of claim 10, wherein advancing the needle 
and the cannula comprises applying an advancing force to the 
needle and the cannula via a flange of the housing that extends 
near a side of the needle and the cannula. 

12. The method of claim 10, wherein moving the cannula in 
the direction away from the housing comprises sliding the 
release mechanism within a slot of the housing in the first 
direction with respect to the housing, and wherein the release 
mechanism engages with a proximal end of the cannula. 

13. The method of claim 10, wherein moving the cannula in 
the direction away from the housing comprises pressing at 
least one of a finger and a thumb of the user against the release 
mechanism. 

14. The method of claim 10, wherein moving the cannula in 
the direction away from the housing comprises rotating a 
wheel against a pushing member to move the pushing mem 
ber along the needle in the first direction against the cannula. 
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15. The method of claim 10, further comprising molding 
the needle to define a substantially curvilinear shape. 

16. A system comprising: 
a cannula configured to deliver a medical device to a target 

site within a patient; and 
an implant tool comprising: 

a housing configured to be held by a user; 
a needle coupled to the housing and configured to be 

inserted into a tissue and to fit within the cannula; and 
a release mechanism configured to move the cannula in 

a direction away from the housing. 
17. The system of claim 16, wherein the cannula comprises 

a shape memory material that conforms to a predefined shape 
after the cannula is removed from the needle. 

18. The system of claim 16, wherein the housing comprises 
a flange that extends near a side of the needle and defines a 
channel configured to accept the cannula between the needle 
and the flange. 

19. The system of claim 16, wherein the release mechanism 
slides within a slot defined by the housing, Surrounds at least 
a portion of the needle, and is configured to be moved by at 
least one of a finger and a thumb of the user. 

20. The system of claim 16, wherein the release mechanism 
comprises: 

a pushing member that resides within a pushing channel 
defined by the housing and configured to slide along the 
needle; and 

a wheel rotatably attached to the housing and configured to 
move the cannula along the needle. 

21. The system of claim 16, wherein the shape of the needle 
is moldable by the user to define a substantially curvilinear 
shape. 


